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MULTIVALENT [BETA]-1-2-LINKED
MANNOSE OLIGOSACCHARIDES AS
IMMUNOSTIMULATORY COMPOUNDS AND
USES THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of PCT/F12012/
050650 filed on Jun. 21, 2012, which claims priority under 35
U.S.C. 119(e) to U.S. Provisional Application No. 61/499,
229 filed on Jun. 21, 2011 and Application No. 20115631
filed on Jun. 21, 2011, in Finland, all of which are hereby
expressly incorporated by reference into the present applica-
tion.

FIELD OF THE INVENTION

The invention relates to immunostimulatory compounds,
and to their use for modulating T helper (Th) and T regulatory
(Treg) cell-mediated immune responses.

BACKGROUND OF THE INVENTION

Type I immediate atopic allergies are one of the most
common health problems in the Western world, and con-
stantly increasing in prevalence (ISAAC 1998). It has been
speculated that this increase is associated with the reduced
microbial load in the developed societies, which has weak-
ened natural T regulatory (Treg) and type 1 Th (Thl)-cell
responses, giving way to enhanced Th2 responses that char-
acterize atopic diseases.

CD4+ T cells (Treg, Th1 and Th2) are the main regulators
of allergic immune response. Th2 cells that secrete cytokines
such as IL.-4, IL.-5 and IL.-13 are important to development of
allergic inflammation by inducing IgE-production by B cells,
degranulation of mast cells and recruitment of eosinophils.
The regulatory T cells and their cytokine I[.-10 also have an
important role in down-regulation of Th2-type responses
towards allergens. Th1 cells are essential for defense against
microbes, in particular intracellular pathogens, and cancer by
inducing activation of cytotoxic T (T¢) cells and natural killer
(NK) cells. In addition, Th1-type cytokines, including IFN-y,
IL-12 and IL.-18, are involved in suppression of allergen-
induced Th2-type immune responses. Moreover, in allergen
vaccination, there is up-regulation of the cytokines IFN-y,
1L-10 and IL-18, indicating their crucial role in suppressing
the allergic inflammation also in vivo.

Recent research has shown that the crucial time for the
development of either Th1- or Th2-type immunity is infancy.
Atbirth, there is a weak Th2-type immunity, which in healthy
individuals is conversed to a Th1-type response. It is thought
that the priming of the immune system by microbial compo-
nents in the environment and gut microflora (endotoxins,
lactobacilli, mycobacteria) is essential in this conversion.

Research has been performed on the effects of microbial
components on Th1-Th2 balance. A great deal of effort has
been directed towards the search for microbial molecules,
which could be used in development of more effective and
safer vaccines for immunization against infections and in
novel therapeutic approaches to treat autoimmune, atopic,
and malignant diseases. Among these molecules are 3-deacy-
lated monophosphoryl lipid A (MPL), the non-toxic deriva-
tive of lipopolysaccharide of Salmonella minnesota (LPS),
and immunostimulatory bacterial DNA sequences (CpG-
ODN) that generally consist of a central nonmethylated CG
di-nucleotide. These molecules have been clinically tested
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and shown to be effective and well-tolerated adjuvants in a
number of vaccines for immunization against and treatment
of hepatitis B virus, human immunodeficiency virus (HIV),
influenza A virus, and Plasmodium falciparum, as well as in
treatment of cancers such as non-Hodgkin lymphoma, and
melanoma. These molecules have been shown to function by
inducing strong Thl-type pattern of cytokine production by
acting on various Toll-like receptors on antigen-presenting
cells such as monocytes, macro-phages and dendritic cells.
Moreover, the Thl-enhancing effects of mycobacteria and
bacterial lipopolysaccharide with subsequent suppression of
Th2-type response, allergic inflammation, IgE-responses and
bronchial hyperreactivity have been shown in several studies.
In addition, probiotic lactobacilli have been shown to reduce
the prevalence of atopic eczema at the age of two years when
administrated orally during pregnancy and immediately after
birth. Immunotherapy with bacterial CpG-ODN oligonucle-
otides bound covalently to allergens has also been shown to
decrease the nasal inflammatory response in allergic rhinitis
patients. MPL has been successfully tested as an adjuvant in
allergen immune-therapy.

The therapeutic use of these microbial compounds faces
certain problems. LPS is a toxin and as such unfit for thera-
peutic use. CpG-ODN is a gene and, in addition to being
expensive for large-scale synthesis, implies potential prob-
lems with the public opinion (such as gene manipulated food
products). MPL adjuvant is not a single chemical entity, but a
mixture of analogues, with differences reflected in the num-
ber and length of fatty acid chains. Probiotic lactobacilli are
live bacteria, comprising safety problems with respect to
possible infections, and furthermore are difficult to standard-
ize. Also mycobacterial lysates are crude mixtures of bacte-
rial components out of range of biological standardization.
An ideal therapeutic component for allergy treatment would
be a naturally occurring, non-toxic, safe purified molecule
with as small molecular size as possible.

In WO 02/09728 complex carbohydrates are presented for
prevention and treatment of a variety of over 80 diseases. In
this publication carbohydrates are defined as any polymer
comprising more than two sugar moieties and including such
classes of compounds as polysaccharides (that include muco-
poly-saccharides and mannans) and oligosaccharides [that
are comprised of branched oligosaccharides such as sialy-
lated sugars including milk sugars; the key milk sugars (also
called hexaoses) incorporated in the general class of complex
carbohydrates being difucosyllacto-N-hexaose a and b, disia-
lyl-monofucosyllacto-N-hexaose and monofucosyllacto-N-
hexaose I, II and II]. The diseases listed include conditions
associated with allergies; individually mentioned are anaphy-
laxis, asthma and itching associated with allergies and hyper-
sensitivity and are based on e.g. inhibition of white cell adhe-
sion.

US 2002/0054886 discloses a vaccine, comprising p-1,2-
linked straight chain oligo-mannosyl residues for the treat-
ment of candidiasis. The oligo-mannosyl residues are used as
an epitope to elicit a protective antibody response against
candidiasis or to prevent Candida albicans adhesion to mam-
malian cells. The effect is based on the use of a synthetic
substance mimicking microbial compounds, administrated to
induce a specific immune response against the substance.

WO02006/096970 A1l discloses another application for the
treatment of candidiasis. Therein are provided conjugates
comprising native O-linked and S-linked oligosaccharides,
more specifically -1,2-linked straight chain oligo-mannosyl
residues, coupled to a protein carrier via a linker. Said conju-
gate always comprises a protein. It is essential that said pro-
tein carrier elicits a thymus dependent immune response. The
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synthesis strategy for linking said moieties is presented as
well. The conjugate formed of oligosaccharides and protein
carrier covalently attached by a linker, is suggested to be
usable for inducing an immune response to a Candida species
in a subject in need thereof.

W02007/010084 discloses immunostimulatory mannan
polysaccharides comprising (-1,2-linked chains and f-1,2-
(D)-mannooligosaccharides, and their uses for modulating T
helper (Th) cell-mediated immune responses. However, the
activity of synthesized simple p-1,2-linked mannooligosac-
charide chains consisting of up to four oligosaccharides was
inferior as compared to natural crude oligosaccharide mix-
tures. Therefore, novel modifications of these synthetic oli-
gosaccharide chains were needed.

OBIJECT AND SUMMARY OF THE INVENTION

In the ongoing research effort of the inventors, it has been
found that synthetic oligo- or multivalent -1-2-linked man-
nooligosaccharide compounds have excellent properties for
modulating T helper (Th) and T regulatory (Treg) cell-medi-
ated immune responses.

Therefore, one object of the present invention is to provide
an immunostimulatory compound and composition for
modulating T helper (Th) and T regulatory (Treg) cell-medi-
ated immune responses.

Another object of the present invention is to provide an
immunostimulatory compound for use as a medicament. Yet,
another object of the present invention is to provide an immu-
nostimulatory compound for use as a medicament for treating
a mammal, including human, suffering from or susceptible to
a condition which can be prevented or treated by inducing a
Treg- and/or Thl-type, and/or inhibiting a Th2-type immune
response.

A further object of the present invention is to provide an
immunostimulatory compound for use as an adjuvant of a
vaccine.

Another further object of the present invention is to provide
an immunostimulatory compound for use as a food additive.

To achieve these objects, the invention is characterized in
what will be presented in independent claims.

Some preferred embodiments of the invention will be
described in the other claims.

Typically, the immunostimulatory compound according to
the present invention is an oligo- or multivalent carbohydrate
assembly or array where a number of §-1,2-linked mannoo-
ligosaccharides are with a linker group connected to a central
core unit or carrier. In more detail, the immunostimulatory
compound according to the present invention is an oligo- or
multivalent $-1,2-linked mannooligosaccharide of formula

@

@

o)
0
RO
RO RO 0
RO RO B
A
m

7 RO
RO RO
wherein n is from 0 to 6, m is from 3 to 5 and wherein each R

is independently selected from acetyl (COCH,;), hydrogen
(H), trifluoroacetyl (COCF;) or sulfonate group or other ester
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group, and wherein [3-1,2-linked mannooligosaccharides are
with a linker group (B) connected to a central core unit or
carrier (A).

As presented above, the last sugar of formula (I) is alpha-
linked to linker/carrier. However, this terminal linkage could
also in another lead compound be beta-linked. In other words,
with f-1,2-linked mannooligosaccharides it is referred here
to compounds where mannose units are coupled to each other
by p-1,2-linkages but such oligosaccharides can then be
coupled to the carrier via a linker either by - or a-position.

The inventors have found that immunostimulatory com-
pounds provide good results even when employing different
linkers. A man skilled in the art can select a linker suitable for
an immunostimulatory compound of the present invention.
However, based on experiments conducted, the synthetic
immunostimulatory compound according to the invention
can for example comprise either a triazole moiety or a deriva-
tive thereof, or a carbon chain as a linker group B of the
molecule.

Said linker B may preferably consist of a structure:

—X—Y—7—

wherein X is zero or represents group —CH,—, oratom O, S
or N; Y represents a carbon chain, which may optionally be
substituted, having a backbone consisting of from 1 to 8
carbon atoms, and is most preferably an aliphatic C,-C car-
bon chain; and Z is zero or represents an atom selected from
O, S or N. The linker group (B) does, however, not comprise
a moiety derived from p-nitrophenyl adipic acid diester or
thioacetate pentane.

When B comprises a triazole moiety, the structure above
may be presented as:

XY 7

wherein X is zero or represents group —CH,—, oratom O, S,
or N, and; Y' represents a triazole moiety, which is bonded to
X from 1-nitrogen of said triazole with group —(CH,),—,
wherein p is from 1 to 10, preferably from 1 to 6, and which
Y'is bonded to Z from the 4-carbon of said triazole group with
group —(CH,),—, wherein q is from 1 to 6, and Z. is zero or
represents an atom selected from O, S or N. In the experimen-
tal part, compounds wherein X is atom O, Y' is group
—(CH,),—whereinpis 2 or 3, q is 1 and Z is zero, have been
synthesized and tested for activity.

The central core unit or carrier A can be a substituted or
unsubstituted aliphatic, aromatic or cyclic structure or a poly-
mer, preferably a substituted or unsubstituted aliphatic, aro-
matic or cyclic structure. When selecting said core unit A
from relatively small and simple molecules, the overall struc-
ture and size of the immunostimulatory compound remains
small respectively. With relatively small and simple mol-
ecules is here referred to an aliphatic, aromatic or cyclic
structure, wherein core unit A comprises up to 20 carbon
molecules, preferably, up to 10 carbon molecules, more pref-
erably up to 6 carbon molecules and most preferably up to 3
carbon molecules in their backbone structure. A person
skilled in the art readily comprehends that the size of the core
unit has a correlation to the number of the §-1,2-linked man-
nooligosaccharides attachable thereto via linkers (B). Hence,
a core compound comprising three carbon molecules can be
via three linkers (B) linked to three §-1,2-linked mannooli-
gosaccharides. With the linking techniques according to the
present invention, up to five §-1,2-linked mannooligosaccha-
ride moieties may be linked to a glucopyranose ring as illus-
trated in FIG. 7b.

In one embodiment, the $-1,2-linked mannooligosaccha-
ride moieties may via linkers be bound/tethered to Silicon (Si)
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as carrier, hence for example, showing 9 or 12 carbohydrate
moieties. According to yet another embodiment, tyrosine
may be used as carrier/depot helper substance.

When desired, one or more substituents to said central core
unit or carrier may be selected to provide further functional-
ities. One or more carbons may be substituted with a group or
substituent providing a binding site for linking, attaching or
binding said central core or carrier to another similar or dif-
ferent compound, to immobilize it or engineer thereto other
functionality or functionalities.

An oligo- or multivalent refers to the number of valency of
the $-1,2-linked mannooligosaccharides bonded via linkers
B to a central core unit or carrier in a compound of the
invention. The compounds are advantageously oligovalent,
hence the number of valency in a f$-1,2-linked mannooli-
gosaccharide compound is preferably from 3 to 5, in other
words, trivalent, tetravalent and pentavalent compounds are
preferred. However, if arranged as an assembly comprising
two or more immunostimulatory p-1,2-linked mannooli-
gosaccharide compounds, comprising two or more central
core or carrier units respectively, said assembly may form a
multivalent structure.

In one preferred embodiment of the invention, the immu-
nostimulatory compounds according to the invention are
trivalent -1,2-linked mannooligosaccharide compounds (i.e.
m is 3). Trivalent p-1,2-linked mannooligosaccharide com-
pounds mean oligovalent carbohydrate molecules where
three (m=3) f-1,2-linked mannooligosaccharides are coupled
to a central core unit or a carrier via linker group (B). When
acetylated, the trivalent disaccharide is more soluble in aque-
ous environment than the corresponding analogues with
higher valency.

According to one embodiment of the invention, the immu-
nostimulatory compound of the invention consists of a triva-
lent carbohydrate derivative where three [3-1,2-linked man-
nodisaccharides are linked to a central core unit. Preferably,
trivalent 3-1,2-linked mannodisaccharide is in accordance
with formula (II)

an

0
0 0
RO / /N§N
RO RO N
RO RO e \g,,L\¢,o——
RO RO
o)
0 0
RO/ / /N§N
RO RO N
RO RO e \)\/O—
RO RO
0
0 0
RO / /N§N
RO RO N
RO RO e \)\/O—
RO RO

wherein each R is independently selected from acetyl
(COCH,), hydrogen (H), trifluoroacetyl (COCEF;) or sul-
fonate group or other ester group.

According to another embodiment of the invention, triva-
lent p-1,2-linked mannodisaccharide can be in accordance
with formula (II1)
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o {m
ro P
RO RO O\fE?/O___
RO” RO 15 B
0
ro L
RO RO O\SZ/O__
RO 45 RO} B
0
ro I
RO RO O\SZ/O__
RO” RO 15 B

wherein each R is independently selected form acetyl
(COCH,;), hydrogen (H), trifluoroacetyl (COCF;) or sul-
fonate group or other ester group, and n is typically 4 or 6.

Triazole moieties (a linker group of compound of formula
II) can for example be replaced by simple carbon chains (a
linker group of compound of formula III) containing for
example four or six carbon atoms providing similar chain
length as a triazole-bridge in the trivalent molecule.

The synthesis of the trivalent immunostimulatory com-
pounds according to the invention is preferably based on the
use of the click chemistry protocol.

According to an embodiment of this invention, all Rs in
said compound represented by formula I are the same.
According to a preferred embodiment, the immunostimula-
tory compound according to the invention is in accordance
with formula (II) and all Rs are acetyls. Hence, the immuno-
stimulatory compound according to invention is preferably
1,2,3-tris[1-[(2,3,4,6-tetra-O-acetyl--D-mannopyranosyl)-
(1-2)-(3,4,6-tri-O-acetyl-a-D-mannopyranosyloxyethyl)] -
4-[methyl-1-oxy]triazolyl]|propane as is shown in formula
Iv):

av)
O

AcO /O /O N
/=N
AcO' AcO' N
AcO AcO o~ \”i\\//o__
YAcO YAcO
@)
AcO /O /O N
/=N
AcO' AcO' N
AcO AcO o~ \g’J\\V/O__
PAcO PAcO
O
@] @]
AcO ’
NN
AcO AcO N
AcO AcO o~ \ﬁ’J\\v/O__
PAcO PAcO

The trivalent molecule of formula (IV) incorporating a
linker group comprising a triazole moiety and a propane
derivative as core unit, into which three 3-1,2-linked manno-
disaccharide moieties have been coupled was found as the
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most active substance for the production of cytokines IFN-y
and IL-10 for potential regulation of immune system. The
molecule, which has a decreasing number of valency com-
pared to the compound of the invention, does not have immu-
nostimulating activity and an increasing number of valency
compromises certain benefits achieved due to small size.
When studying for example acetylated immune-stimulatory
compounds of the invention, the increase in the size of mol-
ecule i.e. from trivalent to pentavalent causes solubility prob-
lem in water. Thus, the trivalent molecule according to the
invention is found to be the most attractive immune-stimula-
tory compound when operating in aqueous conditions. How-
ever, in different matrix or conditions, e.g. in lipophilic, other
valency may provide better properties over trivalent mol-
ecule.

The functional group R is selected from the group of acetyl
(COCH,;), hydrogen (H), trifluoroacetyl (COCF;) or sul-
fonate group such as NaSO;~ or some other functional group.
In some applications or embodiments of the present inven-
tion, there may be a need to adjust the properties of immuno-
stimulatory compound e.g. with regard to administration to a
subject in need thereto, uptake in metabolism, formulation of
the pharmaceutical product, stability issues, etc. Selecting
functional group R to conform to these requirements is rou-
tine knowledge to a man skilled in the art.

The present invention also provides the immunostimula-
tory compound according to the invention for use as a medi-
cament. One embodiment of the present invention provides
the immunostimulatory compound according to the invention
for use as an adjuvant of a vaccine.

The present invention also provides an immunostimulatory
compound according to the invention or any combination
thereof for use in treating a condition which can be prevented
or treated by inducing a Treg- and/or Th1-type, and/or inhib-
iting a Th2-type immune response.

Treg- and/or Thl-type immune response is induced by
induction of IFN-y production in T cells, and/or inhibition or
suppression of the function of Th2-type T cells, mast cells,
eosinophil granulocytes and/or basophil granulocytes. Th2-
type immune response is inhibited by induction of IL-10
production in T-cells and/or inhibition or suppression of the
function of Th2-type T cells, mast cells, eosinophil granulo-
cytes and/or basophil granulocytes. The inhibition of Th2-
type immune response is also based on the suppression of
allergen-induced IL.-5 production.

The invention also provides the immunostimulatory com-
pound according to the invention for use in treatment of type
I immediate atopic allergy. In preferred embodiments, the
type | immediate atopic allergy is selected from the group of
atopic eczema/dermatitis syndrome (AEDS), allergic asthma,
allergic rhinitis, allergic urticaria, food allergy, venom
allergy, and allergic rhinoconjunctvitis. In further embodi-
ments, the invention provides the immunostimulatory com-
pound of the invention for use in treatment of infectious
diseases.

The present invention is also directed to an immunostimu-
latory composition comprising at least one of the immuno-
stimulatory compounds according to the invention or mix-
tures thereof, and a pharmaceutically acceptable carrier.

The present invention also provides use of the immuno-
stimulatory compound according to the invention and/or any
combination thereof as a food additive.

The present invention also provides a method for inducing
of Treg- and/or Thl-type immune response comprising
administering to a subject the composition of the invention in
an amount effective to induce a Treg- and/or Thl-type
immune response, and a method for inhibition of Th2-type
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immune response comprising administering to a subject the
composition of the invention or the food of the invention in an
amount effective to partially or completely inhibit develop-
ment of Th2-type immune response.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates (-1,2-linked mannooligosaccharide-me-
diated modulation of Th-immune response,

FIG. 2 illustrates synthesis of -1,2-linked mannodisac-
charide containing trivalent compounds according to formula
(II) of the invention, and more specifically compound (IV),

FIG. 3 illustrates functional group modification of -1,2-
linked mannodisaccharide containing trivalent compound,

FIG. 4 illustrates the synthesis of the an active a f§-1,2-
linked mannodisaccharide compound with one —CH,—
added to the triazole containing linker of compound (IV),

FIG. 5 shows cytokine production (vertical axis) induced
by three chemically synthesized multivalent (-1,2-linked
mannooligosaccharide compounds of the invention in human
PBMC of three subjects assessed by LINCOplex™-kits using
Luminex'°°™ instrumentation. The horizontal axis gives the
concentration, hence 20 and 200 pg/ml of each compound
studied,

FIG. 6 shows suppression of allergen (Birch, Betula ver-
rucosa) induced IL-5 production by two chemically synthe-
sized multivalent [3-1,2-linked mannooligosaccharide com-
pounds in human PBMC from four study subjects (A, B, C,
D) assessed by LINCOplex™-kits using Luminex'°°T™
instrumentation, and

FIGS. 7a, 7b and 7c¢ illustrate the chemical structures of
mannooligosaccharide compounds used in Examples 1 and 2.

DETAILED DESCRIPTION OF THE INVENTION

The mechanism provided by immunostimulatory oligo- or
multivalent f$-1,2-linked mannooligosaccharide compounds
of the present invention is believed to be carbohydrate medi-
ated modulation of Th-immune response as presented in FIG.
1. Essential components of said carbohydrate moiety are -1,
2-linked mannooligosaccharides. In the context of this appli-
cation the term {3-1,2-mannooligosaccharide refers to carbo-
hydrate moieties consisting of two to eight mannopyranose
moieties. The oligovalent compound may also incorporate
mannose or other monosaccharide moieties.

Allergic inflammation is characterized by IgE antibody
production, mast cell degranulation and eosinofilic inflam-
mation. These responses are mediated by allergen-specific
Th2-type immune cells that secrete cytokines such as 11.-4
and IL-5. The Thl cells that secrete cytokines, including
IFN-y are involved in suppression of allergen-induced Th2-
type immune responses. The regulatory cytokine I1.-10 is also
important in down-regulation of Th2-type immune
responses. Based on the experiments described in examples,
the discovery that trivalent §-1,2-linked mannodisaccharides
according to the invention stimulate the IFN-y and 11.-10 in
human white blood cells suggests these cytokines have a role
in f-1,2-mannooligosaccharide-mediated suppression of Th2
cell response, and thus allergic inflammation.

The present invention describes synthetic immunostimula-
tory oligo- or multivalent $-1,2-linked mannooligosaccha-
ride compounds and the use of such molecules or their pro-
drugs for modulation of above described Th-mediated
immune responses and in the manufacture of a medicament,
pharmaceutical and nutritional preparation for prevention or
treatment of type I atopic allergies and infectious diseases in
a subject.
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When discussing immunology, it is worth noting that
immunogens are used to stimulate the specific immune
response against the immunogen. Immunostimulants, how-
ever, are used to stimulate a non-specific activation of the
immune system in order to enhance a specific immune
response against a co-administrated immunogen.

The term immunostimulant or immunostimulatory com-
pound refers to a biologically active substance, whose activi-
ties affect or play a role in the functioning of the host subject’s
immune system by stimulating T helper type 1 and regulatory
type T cell responses. The term subject refers to a mammal,
including human. Immunostimulant induces non-specific
activation of the immune system. Immunostimulants are used
among other applications also as vaccine adjuvants to
enhance a specific humoral or cellular immune response
against a vaccine immunogen co-administrated together with
immunostimulatory compound.

Hence, immunostimulatory compound according to the
invention is also suitable for use as an adjuvant of the vac-
cines. Immunostimulatory compound according to the inven-
tion or the mixtures thereof are added to vaccines as adjuvant
to stimulate the immune system’s response to the target anti-
gen, but do not in themselves confer immunity. Especially,
compounds according to the invention are suitable for use as
adjuvants in injections of desensitization. Also, the com-
pounds ofthe invention can be used as an adjuvant in vaccines
against infectious diseases. Preferably, when used as an adju-
vant, the immunostimulatory compound according to the
invention may be coadministered with the main component,
the immunogen in question. However, the immunostimula-
tory compound according to the invention may optionally be
engineered to be bonded or further linked to said immunogen
or to another component of the vaccine composition.

The invention also encompasses a method for inducing a
Treg- and/or Thl-type immune response. The method
involves administrating to a subject composition according to
the invention in an amount effective to induce the synthesis of
Treg- and/or Thl-type cytokines. In preferred embodiments,
the method involves, but is not limited to, the induction of
IFN-y synthesis in T cells.

The invention further involves a method for inhibiting a
Th2-type immune response. The method involves adminis-
trating to a subject the composition according to the invention
in an amount effective to partially or completely inhibit the
development of Th2-type immune response to an allergen. In
preferred embodiments, the mechanisms of inhibition
include, but are not limited to, induction of IL.-10 production
in T cells. The method can also involve suppression of Th2-
type immune response by inhibition or suppression of the
function of Th2-type T cells, mast cells and eosinophil and
basophil granulocytes.

More specifically immunostimulatory compound accord-
ing to the present invention is preferable for use wherein a
Treg- and/or Thl-type immune response is induced by

a) induction of IFN-y production in T cells, and/or

b) inhibition or suppression of the function of Th2-type T
cells, mast cells, eosinophil granulocytes and/or basophil
granulocytes.

Furthermore, an immunostimulatory compound according
to the present invention is preferred for use wherein a Th2-
type immune response is inhibited by

a) induction of IL-10 production in T-cells and/or

b) inhibition or suppression of the function of Th2-type T
cells, mast cells, eosinophil granulocytes and/or basophil
granulocytes.

The present invention also provides a method for modulat-
ing a Th-mediated immune response. Preferably, the immune
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response stimulated according to the invention is biased
toward the Thl-type response and away from the Th2-type
response. In one aspect, the method involves administrating
to a subject said composition in an amount effective to stimu-
late the production of Thl-type cytokines. In preferred
embodiments, the method involves, but is not limited to, the
induction of IFN-y synthesis in T cells. In other aspect, the
method involves administrating to a subject said composition
in an amount effective to partially or completely inhibit the
development of Th2-type immune response to allergen. In
preferred embodiments, the mechanisms of inhibition
include, but are not limited to, induction of IL-10 production
in T cells. The method can also involve suppression of Th2-
type immune response by inhibition or suppression of the
function of Th2-type T cells, mast cells and eosinophil and
basophil granulocytes.

The invention further relates to the use of a composition
according to the invention for the manufacture of a medica-
ment, pharmaceutical, or nutritional preparation for preven-
tion or treatment of type I immediate atopic allergies. In
preferred embodiments, the type  immediate atopic allergy is
selected from the group consisting of atopic eczema/derma-
titis syndrome (AEDS), allergic asthma, allergic rhinitis,
allergic urticaria, food allergy, venom allergy, and allergic
rhinoconjunctivitis. In further embodiments, the compound
of the invention can be used for prevention and treatment of
infectious diseases. The term prevent, prevention or prevent-
ing used herein refers to inhibiting completely or partially the
development of the disorder in a subject that has, or is at high
risk of developing, said disorder. The term treat, treatment or
treating is defined as administering to a subject an amount of
said compound or composition effective to prevent the onset
of, alleviate the symptoms of; or stop the progression of the
disorder. The term effective amount used herein refers to an
amount effective, at dosages and for periods of time neces-
sary, to achieve the desired therapeutic result. The therapeu-
tically effective amount typically varies from about 1 pg to
several grams depending on the composition and especially
the mode of administration. E.g. the typical amount for
parenteral administration of trivalent §-1,2-linked mannodis-
accharide according to the invention, is from 1 pg to 100 pg,
preferably 2 ugto 30 ug, most preferably 3 pug to 10 ug, and for
oral administration the typically amount can be much higher
from a few mg up to several grams. If a prodrug is adminis-
tered, the effective amount depends on how much immuno-
stimulatory p-1,2-linked mannooligosaccharide compound,
e.g. trivalent -1,2-linked mannodisaccharide, it can result in
and how much of it is actually released.

In further embodiments, the medicament or pharmaceuti-
cal preparation of the invention may be administered to a
subject by any route known in the art, including enteral,
mucosal, parenteral and topical routes. The enteral routes
include oral and any route involving absorption from the
gastrointestinal tract. The mucosal routes include, but are not
restricted to, oral, nasal, sublingual, buccal, pulmonary, trans-
dermal and ocular routes. The parenteral routes include, but
are not restricted to, intravenous, intradermal, intramuscular,
and subcutaneous routes.

In some embodiments, the composition of the invention is
used in conjugation with a pharmaceutically acceptable car-
rier. An immunostimulatory composition according to the
invention typically includes at least one of the immunostimu-
latory compounds according to the invention or mixtures
thereof, and a pharmaceutically acceptable carrier. The term
pharmaceutically acceptable carrier refers to a carrier sub-
stance with which the active ingredient is combined to facili-
tate the application to a subject and that is physiologically



US 9,221,861 B2

11

acceptable to the recipient. The pharmaceutically acceptable
carrier can be selected from the group consisting of, but not
restricted to, transdermal carriers, transmucosal carriers, oral
carriers, parenteral carriers, carriers for depot formulations,
and carriers for extended release formulations.

Immunostimulatory compound of the present invention
may be encapsulated, incorporated or dissolved into a matrix,
which can provide extended release systemic delivery. It may
optionally be adapted for use to provide extended delivery
within localized tissue region, for example within site of
allergic reaction, infection site or vaccination site. This sus-
tained release or controlled release is intended to refer to
encompass release of that occurs as the result of bio-degra-
dation in vivo of the depot or component thereof, or as the
result of the metabolic transformation or dissolution releasing
said immunostimulatory compound. For example in subcu-
taneous injections, when immunostimulatory compound is
used as an adjuvant together with the allergen, it might in
itself function as a depot that will leak out to the blood/
surrounding tissue over time.

Alternatively, the immunostimulatory compound of the
present invention may be conjugated from the core unit or a
carrier directly to a lipid group which can then provide a depot
preparation. These lipid modified or lipidated immunostimu-
latory compounds may be used for formation of suspensions,
incorporation into emulsions, lipid membranes, lipid
vesicles, liposomes and the like.

In further embodiments, the pharmaceutical composition
of the invention may include another therapeutic compound.
The term therapeutic compound used herein is preferentially
an allergy medicament, an asthma medicament or antimicro-
bial agent. In other embodiments, the pharmaceutical com-
position of the invention comprises an antigen. The term
antigen broadly includes any type of molecule (e.g. protein,
peptide, polysaccharide, glycoprotein, nucleic acid, or com-
bination thereof) that is recognized by a host immune system
and is capable of eliciting a specific immune response. In
some embodiments the antigen is an allergen preparation for
specific allergen immunotherapy (allergen vaccination or
sublingual immunotherapy). The term allergen used herein
refers to a substance that can induce an allergic or asthmatic
response in a susceptible subject, and includes but is not
limited to pollens, insect venoms, animal dander, fungal
spores and house dust mite. The term specific allergen immu-
notherapy, which is also known as allergen immunotherapy,
hyposensitization therapy or immunologic desensitization,
refers to treatment of a subject with allergic disorder by
administrating gradually increasing amounts of allergen by
any of the known routes to induce immunologic tolerance to
the allergen to prevent further allergic reactions. Hence, the
composition of the invention can also comprise an allergen
preparation for specific allergen immunotherapy; and/or an
additional allergy or asthma medicament.

Alternatively, the pharmaceutical composition of the
invention further comprises a microbe-specific antigen prepa-
ration for vaccination or immunization against infectious dis-
eases and/or an antimicrobial agent. The term infectious dis-
ease refers to a disease arising from the presence of foreign
microorganisms or infectious pathogens in the body. The
term infectious pathogens, i.e. microbes, refers to viruses,
bacteria and parasites. As such, the term infectious pathogens
also includes normal flora, which is not desirable. In one
aspect, the combined administration of the pharmaceutical
composition of the invention and microbial antigen is useful
for stimulating enhanced immune response to malignant cells
and pathogens. The term microbial antigens used herein
include intact microorganisms, as well as natural isolates and
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fragments or derivates thereof, and also synthetic com-
pounds, which are identical to or similar to natural microbial
antigens. In yet other embodiments, the pharmaceutical com-
position of the invention comprises antibodies or antibody
fragments which specifically bind or recognize microbial
antigens.

Inyetother embodiments, the compound of the invention is
used as a food additive. The compound of the invention can
also be formulated to a nutritional preparation. The nutri-
tional preparation is preferentially enterally administrable,
e.g. powder, tablet, capsule, a liquid concentrate, solid prod-
uct, or ready-to drink beverage. Alternatively, the nutritional
preparation of the embodiment is combined with a matrix
suitable as an additive of usual food products. In other
embodiments, the nutritional preparation of the invention is
used for enrichment of infant formulas and other functional
food products. A further embodiment comprising the compo-
sition of the invention could be a chewing gum.

Synthesis of -1,2-Linked Mannooligosaccharide
Compounds According to the Invention

The syntheses and development in this field has been
driven by the need of potent carbohydrate inhibitors for
understanding the different factors involved in protein-carbo-
hydrate interactions. Features such as structure, shape, size,
geometry, and valence have proved to be determinant factors
in influencing the generally weak binding properties of car-
bohydrate ligands. To overcome these weak binding interac-
tions, multivalent neoglycoconjugates ranging from clusters
and oligomers, to macromolecular polydispersed systems
such as glycopolymers and glycol-dendrimers have been gen-
erated to provide antiadhesins of higher affinity. A large num-
ber of these multivalent carbohydrate ligands demonstrated
powerful inhibitory properties when tested against their spe-
cific animal or plant lectins. In the area of multivalency, the
development of multivalent carbohydrates of varying size as
effectors of biological processes through clustering of recep-
tors has been a topic of interest. Generally, carbohydrates
involved in the binding are connected together through link-
ers. The Huisgen 1,3-dipolar cycloaddition between azides
and alkynes to afford triazoles is probably the most power-
ful“click” reaction for such linkages. In the field of carbohy-
drate chemistry, click chemistry has been used for the syn-
thesis of glycoconjugates and carbohydrate macrocycles in
which a sugar possessing an azido function is grafted onto a
saccharide a peptide, or a polymeric chain.

Some approaches are currently available to be applied for
synthesizing f-1,2-linked mannooligosaccharide com-
pounds of the invention. One especially suitable is so called
Click chemistry protocol (Ballell et al., 2006; Pérez-Balderas
et al., 2005).

Said Click chemistry protocol has now been used for syn-
thesizing trivalent molecules based on 3-1,2-linked manno-
disaccharide according to the invention. Cu(I)-mediated click
reaction between 2-azidoethyl glycoside of p-1,2-linked
mannodisaccharide and glycerol based tri-O-propargyl com-
pound furnished the desired trivalent molecules in good yield.

p-1,2-linked mannodisaccharide based trivalent com-
pounds 9 (acetyl form) and 10 (hydroxyl form) were prepared
from partially protected thioglycoside 1 (Crich etal., 2006) in
minimum number of steps, as is shown in FIG. 2. Compound
9 is congruent with the compound of formula (IV) of the
invention. An acetyl group was introduced (for anchimeric
assistance during a-selective glycosyation) at the C-2-posi-
tion of 1 to give glycosyl donor 2. Glycosylation between
donor 2 and 2-azidoethanol (Pfaendler et al., 1996) in the
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presence of N-iodosuccinimide-TMSOTf (Ohlsson et al.,
2000) afforded 1,2-trans product 3 in 62% yield. Zemplén
deacetylation of compound 3 gave glycosyl acceptor 4 (Alpe
et al., 2003) in quantitative yield.

Using BSP/Tf,0-mediated f-selective glycosylation
(Crich et al., 2001) of compound 4 and glycosyl donor 5
(Crich et al., 2002) afforded disaccharide 6 in 65% yield. The
presence of B-linkage was confirmed by the '], coupling
constant value 157.0 Hz of the anomeric carbon at  100.8
(Bocks et al., 1974), whereas the presence of a-linkage was
confirmed by *J ., coupling constant value 168.2 Hz of the
anomeric carbon at 4 98.6 (Crich et al., 2000). TFA-mediated
deprotection (Codée et al., 2005) of all the ether groups of
glycoside 6 followed by conventional acetylation gave com-
pound 7 in 91% yield over two steps. Application of robust
click coupling between 2-azidoethyl glycoside 7 and tri-O-
propargyl glycerol 8 (Mourer et al., 2008) furnished acety-
lated trivalent compound 9 in 87% yield, which upon Zem-
plén deacetylation afforded fully deprotected trivalent
compound 10 in 93% yield (FIG. 2).

Functional Group Modification of p-1,2-Linked Trivalent
Mannooligosaccharide Compounds According to the Inven-
tion

The p-1,2-linked mannooligosaccharide compound of the
present invention comprises several functional groups repre-
sented by R in formulas (I, II, III) and FIGS. 2, 3 and 4. They
can be converted into mannooligosaccharide derivatives
thereofby routine treatment, wherein at least one hydrogen of
the ring hydroxyl groups is replaced by another chemical
moiety. In one embodiment, an acetyl or C,-C, acyl group or
a protecting group such as a benzyl or chlorobenzyl group is
used to form a mannopyranose derivative. Using protecting
groups or other substituents in these positions may be benefi-
cial during the synthesis of compounds or alternatively the
formulation or administration of a medicament comprising
the p-1,2-linked mannooligosaccharide compounds of the
present invention. When converting functional groups R to
derivatives thereof, all groups represented by R may be con-
verted in the same reaction step or alternatively the conver-
sion may take place to R groups in selected positions resulting
in a compound having variable substituents. However, pref-
erably, all the R groups are reacted to represent the same
substituent. The acetyl and acyl derivatives can be hydrolyzed
in vivo to form a mannopyranose conjugate.

This is illustrated more specifically in FIG. 3, showing how
trivalent mannoside 10 can be derivatized to other functional
groups. Upon reaction with trifluoroacetic anhydride/pyri-
dine, trivalent 10 can be transformed to 11, whereas treatment
with SO, .Py/pyridine (de Paz etal., 2005) hydroxyl groups of
10 can be converted to more hydrophilic sulfate groups thus
forming trivalent 12 as is shown in FIG. 3. The derivatization,
if desired, can be removed e.g. prior to administration giving
again compound 10.

Structural Modification on the Linker Part of $-1,2-Linked
Mannooligosaccharide Compounds According to the Inven-
tion

The inventors have found and shown experimentally that
the -1,2-linked mannooligosaccharide compounds provide
excellent results even when different linker structures have
been employed. The linker may, for example, comprise either
a triazole moiety or a derivative thereof.

Copper mediated azide-alkyne cycloaddition (click chem-
istry) reaction produces triazole moiety at the point of attach-
ment. These triazole moieties can enhance the bioactivities of
a molecule by association with the target through hydrogen
bonding. Thus it may not be only a passive linker. In order to
realize their effect these triazole moieties can be replaced by
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simple carbon chain with similar spacer length. A mannodis-
accharide-containing trivalent molecule having a simple car-
bon chain can be synthesized with more or less similar fash-
ion.

To synthesize §-1,2-linked mannodisaccharide-containing
trivalent compounds, thioglycoside can be used as glycosyl
donor for introduction of initial a-linkage. NIS/TMSOT{-
mediated a-selective glycosylation of said thioglycoside with
allyl alcohol could furnish an allyl glycoside. Zemplén
deacetylation of this allyl glycoside could give a glycosyl
acceptor, which upon BSP/Tf,O-mediated f-selective glyco-
sylation with glycosyl donor could furnish a disaccharide.
Hydroboration with 9-BBN followed by oxidation with
H,0,/NaOH could convert double bond of said disaccharide
to primary alcohol thus forming a 2-hydroxyethyl glycoside
(Soderquist et al., 1980). Upon treatment with CBr,/PPh;, a
hydroxyl group can be transformed to a bromo group to
furnish an intermediate according to Bentz et al., 2006 and
Matsuda et al., 2006).

With acetylide anion it could further form a carbon-carbon
bond to furnish trivalent compound, which upon catalytic
hydrogenation/hydrogenolysis in the presence of hydrogen
over 10% Pd—C could afford fully deprotected and saturated
[-1,2-linked mannodisaccharide-containing trivalent com-
pound. Conventional acetylation thereof could furnish an
acetylated derivative. Additionally, treatment with SO;.Py/
pyridine could furnish sulphated derivative.

EXAMPLES

Experimental Synthesis of 3-1,2-Linked Trivalent
Mannooligosaccharide Compounds

Experimental synthesis of §-linked trivalent mannosides
has been described in the following by using the reference
numbers of FIG. 2.

Phenyl 2-O-acetyl-4,6-O-benzylidene-3-O-p-meth-
oxybenzyl-1-thio-a-p-mannopyranoside (2)

To a solution of compound 1 (1.85 g, 3.85 mmol) in pyri-
dine (10 mL) was added acetic anhydride (5 mL) and the
mixture was stirred at room temperature for 4 h. The solvent
was evaporated followed by co-evaporation with toluene
(3x10 mL). The crude reaction mixture was purified over
SiO, (hexane/EtOAc; 5:1) to afford pure compound 2 (1.9 g,
94%) as a colorless foam. ESI-HRMS, Caled. for
C,oH;,0,SNa [M+Na]*: 545.1610. found: 545.1622.

2-Azidoethyl 2-O-acetyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-a.-pD-mannopyranoside (3)

To a solution of compound 2 (1.5 g, 2.87 mmol) and 2-azi-
doethanol (300 mg, 3.44 mmol) in CH,Cl, (15 mL) was
added 4 A molecular sieves (1.5 g) and the mixture was stirred
at room temperature for 30 min under argon atmosphere. NIS
(775 mg, 3.44 mmol) was added and the reaction mixture was
cooled to —40° C. followed by the addition of TMSOTT (38
mg, 31 pl, 0.17 mmol). The reaction mixture was stirred for 2
h at the same temperature and quenched with Et;N (100 ul).
The reaction mixture was filtered over a pad of celite and
washed with CH,Cl, (40 mL). The combined organic layer
was washed with water (30 mL), satd. ag. NaHCO; (2x30
mL) and brine solution (2x30 mL) respectively. The organic
layer was then dried (Na,SO,), concentrated and purified
over SiO, (hexane/EtOAc; 7:2) to afford pure 3 (890 mg,
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62%) as a colorless foam. ESI-HRMS, Calcd. for
C,sH,oN,O Na [M+Na]™: 522.1852. found: 522.1839.

2-Azidoethyl 4,6-O-benzylidene-3-O-p-methoxyben-
zyl-a-D-mannopyranoside (4)

To a solution of compound 3 (780 mg, 0.05 mmol) in
MeOH (20 mL) was added sodium methoxide (0.1 M in
MeOH, 600 pL) and the mixture was stirred at room tempera-
ture for 2 h. Dowex® S0WX8-100 (H*) was added to neu-
tralize. The reaction mixture was filtered and washed with
methanol (3x10mL). The combined organic layer was evapo-
rated to dryness under reduced pressure to furnish compound
4 (690 mg, quantitative) as a colorless oil. Characterization
data for 4 are in accordance with that reported in the literature
(Alpe et al., 2003).

2-Azidoethyl (4,6-O-benzylidene-2,3-di-O-p-meth-

oxybenzyl-f-p-mannopyranosyl)-(1—+2)-4,6-O-ben-

zylidene-3-O-p-methoxybenzyl-a-pD-mannopyrano-
side (6)

To a solution of glycosyl donor 5 (1.5 g, 2.49 mmol) in
CH,Cl, (20 mL) was added 4 A molecular sieves (2 g) and the
mixture was stirred for 30 min at room temperature under
argon atmosphere. BSP (630 mg, 2.99 mmol) and TTBP (930
mg, 3.74 mmol) were added at -60° C. followed by the
addition of Tf,0 (920 mg, 550 pl, 3.24 mmol) and stirring
under the same conditions for 30 min. Compound 4 (950 mg,
2.08 mmol) in CH,Cl, (10 mL) was added to the reaction
mixture at =78° C. and stirred for 2 h at this temperature
before quenching with Et;N (1 mL). The reaction mixture
was then filtered through a pad of celite followed by washing
with CH,Cl, (60 mL). The combined organic layer was
washed with water (2x30 mL), brine (20 mL), dried
(Na,S0,), concentrated and purified over SiO, (hexane/
EtOAc; 5:2) to afford the p-isomer 6 (1.27 g, 65%) as a
colorless foam. ESI-HRMS, Calcd. for Cs,Hs,N;O,,Na
[M+Na]*: 970.3739. found: 970.3717.

2-Azidoethyl (2,3.4,6-tetra-O-acetyl-p-p-mannopy-
ranosyl)-(1—+2)-3,4,6-tri-O-acetyl-a.-D-mannopyra-
noside (7)

To a stirred solution of compound 6 (1.0 g, 1.05 mmol) and
1,3-propanedithiol (915 mg, 850 uL, 8.44 mmol) in CH,Cl,
(10mL) was added TFA-H,O (5mlL, 4:1) at 0° C. and stirring
was continued for 2 h at room temperature. The reaction
mixture was diluted with water (15 mL) and washed with
CH,Cl, (4x15 mL) to remove all nonpolar organic materials.
The aqueous layer was evaporated followed by co-evapora-
tion with toluene (4x20 mL) under reduced pressure. The
crude product was then dissolved in pyridine (20 mL) fol-
lowed by the addition of Ac,O at 0° C. where after the reac-
tion mixture was stirred at room temperature for 20 h. Sol-
vents were evaporated under reduced pressure followed by
co-evaporation with toluene (3x20 mL). The crude mixture
was then purified over SiO, (hexane/EtOAc; 1:1) to afford the
acetylated product 7 (675 mg, 91%) as a white powder. ESI-
HRMS, Caled. for C,3H;oN,O,Na [M+Na]*: 728.2127.
found: 728.2112.

1,2,3-Tris[1-[(2,3.4,6-tetra-O-acetyl-p-p-mannopyra-
nosyl)-(1—2)-(3,4,6-tri-O-acetyl-a-p-mannopyrano-
syloxyethyl)]-4-[methyl-1-oxy]triazolyl|propane (9),
i.e. compound according to the formula (IV) of the
invention

To a solution of 2-azidoethyl glycoside 7 (300 mg, 0.43
mmol)and 8 (26.6 mg, 0.13 mmol) in ‘BuOH: H,0:CH,CI, (6
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ml, 1:1:1, v/v/v), copper sulfate (6.2 mg, 0.04 mmol) and
sodium ascorbate (15.3 mg, 0.08 mmol) were added respec-
tively and heated at 55° C. for 12 h. Satd. NH,,Cl and water (20
ml, 1:1) was poured into the solution followed by extraction
with CH,Cl, (3x20 mL). The organic layer was dried
(Na,S0,), filtered, concentrated and purified over SiO, (4%
MeOH in CH,Cl,) to afford the pure title compound 9 (260
mg, 87%) as a colorless solid. R: 0.45 (7% MeOH in
CH,CL); [a]5>* -67.5° (¢ 1, CHCly); 'H NMR (600.13
MHz, CDCl,) § 7.80 (s, 1H), 7.73 (s, 1H), 7.72 (s, 1H),
5.48-5.46 (m, 3H), 5.25-5.21 (m, 6H), 5.04-5.00 (m, 3H),
4.91-4.87 (m, 3H), 4.81-4.77 (m, 5H), 4.70-4.69 (m, 3H),
4.67-4.55 (m, 10H), 4.34-4.30 (m, 3H), 4.28-4.27 (m, 3H),
4.20-4.16 (m, 3H), 4.14-4.09 (m, 3H), 4.02-3.99 (m, 6H),
3.93-3.90 (m, 3H), 3.82 (quintet, J=5.2 Hz, 1H), 3.69-3.54
(m, 10H), 2.23 (brs, 9H), 2.12 (br s, 9H), 2.09 (br s, 9H), 2.04
(br's, 9H), 2.03 (br s, 6H), 2.02 (br s, 9H), 2.01 (s, 3H), 2.00
(brs, 9H); *C NMR (150.9 MHz, CDCl,) § 170.8 (3C),
170.6, 170.5 (2C), 170.3, 170.2 (4C), 170.1, 169.9, 169.8
(20), 169.6 (3C), 169.2, 169.1 (2C), 145.5, 145.0, 144.9,
123.8,123.7(2C),97.4(3C),96.2 (3C),77.1,72.1 (2C), 72.0,
71.9, 71.8 (2C), 70.6, 70.5 (2C), 70.0 (4C), 69.9, 68.9 (20),
68.8, 68.4 (3C), 66.0 (3C), 65.9 (3C), 64.7 (3C), 64.4 (20),
63.5, 62.3 (30), 61.6, 61.5 (2C), 49.7 (2C), 49.6, 20.7 (6C),
20.6 (6C), 20.5(6C),20.4 (3C); MALDI-TOF-MS, Calcd. for
CoH, 5, NgO5 Na [M+Na]*: 2344.752. found: 2344.768.

1,2,3-tris[ 1-(f-p-mannopyranosyl)-(1—2)-(a-p-man-
nopyranosyloxyethyl)]-4-[ methyl-1-oxy]triazolyl]
propane (10)

To a solution of compound 9 (47 mg, 0.02 mmol) in MeOH
(3 mL)) was added sodium methoxide (0.1 M in MeOH, 100
pl) and the mixture was stirred at room temperature for 2 h.
Dowex® 50WX8-100 (H") was added to neutralize. The
reaction mixture was filtered and washed with methanol
(3x20 mL). The combined organic layer was evaporated to
dryness under reduced pressure to afford pure 10 (27 mg,
93%) as a white foam. [a],> -2.0° (¢ 1, H,0); '"H NMR
(600.13 MHz, D,0) 8 8.09 (br s, 2H), 8.08 (s, 1H), 4.92-4.90
(m, 3H), 4.74 (br s, 2H), 4.70-4.64 (m, 13H), 4.14-4.09 (m,
3H), 4.08-4.06 (m,3H), 4.00 (d, J=3.2 Hz, 3H), 3.97-3.87 (m,
8H), 3.74-3.61 (m, 21H), 3.55 (t, J=9.7 Hz, 3H), 3.36-3.32
(m, 3H), 3.02-2.98 (m, 3H); 1*C NMR (150.9 MHz, D,0) §
144.0 (3C), 125.6 (3C), 98.5 (3C), 97.3 (3C), 77.0(3C), 76 .8,
76.3 (3C), 72.8 (2C), 72.7 (3C), 70.7 (3C), 69.8 (3C), 69.0
(20), 66.6 (4C), 66.5 (3C), 65.5 (3C), 63.3 (2C), 62.1, 60.9
(30O), 60.2 (3C), 50.1 (3C); MALDI-TOF-MS, Calcd. for
C54HygoNoO5cNa [M+Na]*: 1462.530. found: 1462.548.

The same compound, according to the formula (IV) of the
invention, i.e., 1,2,3-tris[1-[(2,3,4,6-tetra-O-acetyl-f-p-man-
nopyranosyl)-(1—2)-(3,4,6-tri-O-acetyl-c.-D-mannopyrano-
syloxyethyl)]-4-[methyl-1-oxy|triazolyl|propane (9) was
produced in larger scale in another experiment. The whole
synthesis or characterization of intermediates or end product
are not shown here, but said synthesis afforded the pure
compound 1,2,3-tris[1-[(2,3,4,6-tetra-O-acetyl-[-p-man-
nopyranosyl)-(1—2)-(3,4,6-tri-O-acetyl-c.-D-mannopyrano-
syloxyethyl)]-4-[methyl-1-oxy|triazolyl|propane (9) from
compounds 7 and 8 in analogous fashion as described above
(230 mg, 74%) as colorless solid.

Synthesis of the Analogue of the Immunostimulatory
Compound According to the Formula (IV) of the
Invention with Elongated Linker

3-Azidopropyl 2-O-acetyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-a-p-mannopyranoside (13)

To a solution of compound 2 (2 g, 3.82 mmol) and 3-azido-
1-propanol (464 mg, 4.59 mmol) in CH,Cl, (15 mL) was
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added 4 A molecular sieves (1.5 g) and the mixture was stirred
at room temperature for 30 min under argon atmosphere. NIS
(1.03 g, 4.59 mmol) was added and the reaction mixture was
cooled to —40° C. followed by the addition of TMSOTT (45
mg, 36 ul, 0.20 mmol). The reaction mixture was stirred for 2
h at the same temperature and quenched with Et;N (100 pul).
The reaction mixture was filtered over a pad of celite and
washed with CH,Cl, (40 mL). The combined organic layer
was washed with water (30 mL), satd. ag. NaHCO; (2x30
mL) and brine solution (2x30 mL) respectively. The organic
layer was then dried (Na,SO,), concentrated and purified
over Si0, to afford pure 13 (1.09 g, 56%) as colorless foam.
Calcd. for C,H; N;OgNa [M+Na]*: 536.2127. found:
536.1952.

3-Azidopropyl 4,6-O-benzylidene-3-O-p-methoxy-
benzyl-a-p-mannopyranoside (14)

To a solution of compound 13 (920 mg, 1.79 mmol) in
MeOH (20 mL) was added sodium methoxide (0.1 M in
MeOH, 600 pL) and the mixture was stirred at room tempera-
ture for 4 h. Dowex® S0WX8-100 (H*) was added to neu-
tralize. The reaction mixture was filtered and washed with
methanol (4x15 mL). The combined organic layer was evapo-
rated to dryness under reduced pressure to furnish compound
14 (827 mg, 96%) as a colorless oil.

3-Azidopropyl (4,6-O-benzylidene-2,3-di-O-p-meth-
oxybenzyl-3-p-mannopyranosyl)-(1—2)-4,6-O-ben-
zylidene-3-O-p-methoxybenzyl-a-pD-mannopyrano-
side (15)

To a solution of glycosyl donor 5 (1.24 g, 2.03 mmol) in
CH,Cl, (20 mL) was added 4 A molecular sieves (2 g) and the
mixture was stirred for 30 min at room temperature under
argon atmosphere. BSP (511 mg, 2.44 mmol) and TTBP (727
mg, 2.92 mmol) were added at -60° C. followed by the
addition of Tf,0 (690 mg, 412 pl, 2.44 mmol) whereafter the
reaction mixture was stirred under same conditions for 30
min. Compound 14 (800 mg, 1.69 mmol) in CH,Cl, (10 mL)
was added to the reaction mixture at —78° C. and stirred for 2
h at this temperature before quenching with Et;N (1 mL). The
reaction mixture was then filtered through a pad of celite
followed by washing with CH,Cl, (60 mL). The combined
organic layer was washed with water (2x30 mL), brine (20
mL), dried (Na,SO,), concentrated and purified over SiO, to
afford the 1-isomer 15 (930 mg, 57%) as a colorless foam.
ESI-HRMS, Caled. for Cs3HigN;O,,Na [M+Nal+:
985.0500. found: 984.3821.

3-Azidopropyl (2,3,4,6-tetra-O-acetyl-f-pD-mannopy-
ranosyl)-(1—+2)-3,4,6-tri-O-acetyl-a.-D-mannopyra-
noside (16)

To a stirred solution of compound 15 (800 mg, 0.832
mmol) and 1,3-propanedithiol (901 mg, 835 uL, 8.32 mmol)
in CH,Cl, (10 mL.) was added TFA-H,O (5 mL, 4:1) at 0° C.
and stirring was continued for 2 h at room temperature. The
reaction mixture was diluted with water (15 mL)) and washed
with CH,Cl, (4x15 mL) to remove all nonpolar organic mate-
rials. The aqueous layer was evaporated followed by co-
evaporation with toluene (4x20 mL) under reduced pressure.
The crude product was then dissolved in pyridine (15 mL)
followed by the addition of Ac,O (10 mL) at 0° C. where after
the reaction mixture was stirred at room temperature for 20 h.
The solvents were evaporated under reduced pressure fol-
lowed by co-evaporation with toluene (3x20 mL). The crude
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mixture was then purified over SiO, (hexane/EtOAc; 1:1) to
afford the acetylated product 16 (365 mg, 61%) as a white
powder. ESI-HRMS, Caled. for C,oH,; N;O,Na [M+Na]*:
742.6507. found: 742.2282.

1,2,3-tris[1-[(2,3,4,6-tetra-O-acetyl-[-p-mannopyra-
nosyl)-(1—2)-(3,4,6-tri-O-acetyl-a-D-mannopyrano-
syloxypropyl)]-4-[methyl-1-oxy|triazolyl]propane
a7

To a solution of 8 (26.6 mg, 0.13 mmol) and 2-azidopropyl
glycoside 16 (300 mg, 0.41 mmol) in “BuOH:H,0:CH,CL, (6
ml, 1:1:1, v/v/v) were added copper sulfate (6.3 mg, 0.042
mmol) and sodium ascorbate (15.4 mg, 0.08 mmol), respec-
tively, and the mixture was heated at 55° C. for 12 h. Satd.
NH,Cl and water (20 mL, 1:1) were poured into the solution
followed by extraction with CH,Cl, (3x20 mL). The organic
layer was dried (Na,SO,), filtered, concentrated and purified
over SiO, (4% MeOH in CH,Cl,) to afford the pure 17 (160
mg, 62%) as a colorless solid. 'H NMR (600.13 MHz,
CDCl;) & 7.69 (s, 1H), 7.63 (s, 2H), 5.48-5.47 (m, 3H),
5.26-5.21 (m, 6H), 5.05-5.03 (m, 3H), 4.96-4.93 (m, 3H),
4.77-4.73 (m, 8H), 4.63 (s, 4H), 4.49-4.45 (m, 6H), 4.34-4.28
(m, 6H), 4.34-4.22 (m, 3H), 4.04-4.00 (m, 6H), 3.87-3.85 (m,
3H), 3.79-3.76 (m, 1H), 3.76-3.73 (m, 3H), 3.68-3.64 (m,
7H), 3.48-3.37 (m, 3H), 2.23 (brs, 9H), 2.22-2.19 (m, 6H),
2.09 (brs, 9H), 2.08 (brs, 9H), 2.04 (brs, 9H), 2.02 (br s, 9H),
2.01 (br s, 9H), 1.99 (br s, 9H); >C NMR (150.9 MHz,
CDCl,) 8 170.9 (3C), 170.6 (3C), 170.4 (3C), 170.3 (30),
169.9 (3C), 169.6 (3C), 169.3 (3C), 145.6,145.2 (2C), 122.9,
122.7 (2C), 97.8 (3C), 96.3 (3C), 77.3,72.1 (3C), 72.0 (30),
70.6 (3C), 70.3 (3C), 70.2 (20), 68.7 (3C), 68.5 (3C), 66.1
(30), 65.0 (3C), 64.8 (3C), 64.6 (2C), 63.8, 62.4 (3C), 61.8
(30), 47.1 (3C), 30.0 (3C), 20.8 (6C), 20.7 (9C), 20.6 (6C);
ESI-HRMS, Caled. for CgoH,3,N,O5,H [M+H]™:
2364.8100. found: 2364.8168.

Biological Tests of Synthetic p-1,2-Linked
Mannooligosaccharide Compounds According to the
Invention

The f-1,2-linked mannooligosaccharide compounds
according to the invention were next tested for their immu-
nological activity. As the experiments were conducted by
experts in the field of immunology, the samples have been
renamed, documented and reported accordingly. The f$-1,2-
linked mannooligosaccharide compounds synthesized in pre-
vious experiments are referred to in the biological tests as
follows:

CM-C8-2010 refers to 3-1,2-linked mannooligosaccharide
compound according to the preferred embodiment and
described earlier as compound of formula IV and given in
FIG. 2 as compound 9.

RP-1-82 2010 refers to 3-1,2-linked mannooligosaccharide
compound according to the another preferred embodiment
and is tested for biological activity in example 4. The synthe-
sis scheme for this compound is described in FIG. 4 and its
structure as the end product 15.

CM-C4-2010, CM-C7-2010 and CM-C4-2011 refer to
structures given in FIG. 7a, FIG. 7b and FIG. 7¢ respectively.

In addition to cytokines discussed in description, the cell
cultures were further tested for the effect on tumor necrosis
factor TNF in example 4. TNF is a pleiotropic inflammatory
cytokine that is expressed in mast cells and is present in higher
concentrations in bronchioalveolar fluid from patients with
asthma, particularly in bronchoalveolar lavage (BAL) fluid
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from patients with more severe asthma. It has been suggested
as perhaps playing a role in refractory asthma.
Human PBMC

The human PBMC were isolated from heparinized blood
samples with Ficoll (Ficoll-Paque, Amersham Pharmacia
Biotech, Sweden) density gradient centrifugation. The
PBMC were washed twice with Hanks’ balanced salt solution
(HBSS) and suspended in RPMI medium supplemented 5%
autologous serum, 2 mM L-glutamine (Fluka Biochemica,
Germany) and 100 g/ml gentamycin (Biological Industries,
Israel). The cell suspension was diluted in the RPMI-based
culture medium to 10° cells/ml and applied on 48-well culture
plates (Costar, Cambridge, Mass., USA).

Example 1

Induction of Cytokines by Synthetic §-1,2-Linked
Mannooligosaccharide Compounds

The synthetic oligosaccharides were tested for the produc-
tion of cytokines IL-4, IL.-5, IL.-10 and IFN-y, in peripheral
blood mononuclear cells (PBMC) samples of three atopic
subjects. The PBMC were stimulated by adding solubilized
oligosaccharides in cell culture suspension. The synthetic
polyvalent [-1,2-linked oligosaccharides used in this
example are a molecule according to the compound of for-
mula (IV) of the invention (coded CM-C8-2010), trivalent
monosaccharide (R—H) coded CM-C4-2010 and pentava-
lent disaccharide (R—0) coded CM-C7-2010. The chemical
structures of the CM-C4-2010 and CM-C7-2010 are shown in
FIGS. 7a and 7b. The cytokine responses from PBMC were
detected 72 h after beginning of the stimulation by measuring
cytokine secretion with high-sensitivity human cytokine
LINCOplex™-kits (LINCO Research, St. Charles, Mo.,
USA) using Luminex'°°™ instrumentation. The assays were
performed in accordance with the manufacturer’s protocol by
employing Luminex technology. Of the tested oligosaccha-
rides a strong inducer of IFN-y and IL.-10 was a molecule
according to the compound of formula (IV) of the invention
coded CM-C8-2010, a moderate inducer a molecule coded
CM-C7-2010 and a weak inducer a molecule coded CM-C4-
2010 (FIG. 5). IL-4 and IL.-5 production was not seen at all.

Example 2

Effect of Synthetic (3-1,2-Linked
Mannooligosaccharide Compounds on
Allergen-Induced Immune Response

To show that the invention was valid, the effect of synthetic
molecule according to the compound of formula (IV) of the
invention coded CM-C8-2010 on the production of IL-5, one
of the main Th2-type cytokine promoting allergic inflamma-
tion, was studied in an allergen (birch) stimulated PBMC
culture of four birch allergic patients (A, B, C, D) with aller-
gic rhinitis. Trivalent acetylated monosaccharide coded
CM-C4-2011 was used as a negative control. The chemical
structure of CM-C4-2011 is shown in FIG. 7c. The PBMC
were isolated and cultured as described above. Birch whole
allergen extract was used at a concentration of 50 g/ml and
CM-C8-2010 at a concentration of 20 g/ml. The cultures were
incubated for 72 hours. Following stimulation, the production
of IL-5 was measured with LINCOplex™-kits using
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Luminex100™ instrumentation. In the cultures of all rhinitis
patients CM-C8-2010 effectively suppressed the birch aller-
gen induced IL-5 response whereas no suppression was seen
with CM-C4-2011 (FIG. 6).

Example 3

Comparison of Synthetic §-1,2-Linked
Mannooligosaccharide Compounds with Prior Art
Adjuvants in Suppression of Allergen-Induced
Immune Response

The effect of synthetic molecule according to the com-
pound of formula (IV) of the invention coded CM-C8-2010
on the production of IL.-4, IL-5 and IL-13, the main Th2-type
cytokines promoting allergic inflammation, was studied in an
allergen (birch) stimulated PBMC culture of 26 birch allergic
patients with allergic rhinitis. The effect was compared to that
of 3-deacylated monophosphoryl lipid A (MPL), the non-
toxic derivative of lipopolysaccharide of Salmonella minne-
sota (LPS), and immunostimulatory bacterial DNA sequence
(CpG-ODN-1). These molecules have been clinically suc-
cessfully tested as adjuvants in allergen immunotherapy.
Another bacterial DNA sequence (CpG-ODN-2) without
immunostimulatory activity was used as a negative control.
The PBMC were collected during a strong birch pollen sea-
son, were isolated and cultured as described above. Birch
whole allergen extract was used at a concentration of 50 g/ml
and CM-C8-2010 at concentrations 200 and 20 g/ml. CpG-
ODN-1 and CpG-ODN-2 were used at a concentration 5 g/ml
and MPL at a concentration 10 g/ml based on earlier pub-
lished experiments. The cultures were incubated for 24 hours.
Following stimulation, the productions of 1[.-4, IL.-5 and
IL-13 were measured with LINCOplex™-kits using
Luminex100™ instrumentation. For analysis only the cul-
tures with strong induced cytokine responses were included.
CM-C8-2010 suppressed the birch allergen induced 1L.-4,
IL-5 and I1.-13 responses more effectively than CpG-ODN-1
or MPL (Table 1). The suppressive effect was seen in higher
number of subjects than with CpG-ODN-1 or MPL.

TABLE 1

Mean (SD) percentage of Birch induced cytokine response

IL-4 IL-5 IL-13
Number of subjects 19 15 17
CM-C8-2010; 78.6 (24.3) 70.6 (22.6) 58.5 (48.0)
200 pg/ml
CM-C8-2010; 90.8 (22.7) 86.0(25.9) 85.9 (97.5)
20 pg/ml
CpG-ODN-1; 5 pg/ml 139.8 (71.8) 75.4(29.7) 73.3 (80.3)
CpG-ODN-2; 5 pg/ml 99.5 (35.6) 105.8 (38.8) 92.7 (108.5)
MPL; 10 pg/ml 88.0 (23.8) 91.3 (20.6) 61.6 (68.3)

The results show that the compound according to the
present invention provides better suppression in comparison
to the prior art adjuvants. In this experiment the results further
showed less inter patient variation for the compound accord-
ing to the present invention than for the prior art compounds.
Allergic reactions are dependent on several responses and are
affected by a number regulatory factors. Therefore, when
CpG-ODN-1 provides a slight response with respect to 1L-5
and IL-13, the response to IL.-4 is poor. In comparison to this,
result obtained with a compound of the invention is very
promising, as such characteristics predict better expectation
of therapy and suitability to most patients.
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Example 4

Induction of Cytokines by Synthetic Oligosaccharide

The synthetic oligosaccharide coded RP-1-82 was tested
for the production of cytokines IL.-4, IL-5, IL.-10, IL-13, TNF
and IFN-y, in peripheral blood mononuclear cells (PBMC)
samples of three subjects. The PBMC were stimulated by
adding solubilized oligosaccharide in cell culture suspension.

The synthetic oligovalent 3-1,2-linked oligosaccharide used 10

in this example was a molecule according to the compound of
formula (IV) of the invention (coded RP-I-82). The synthesis
scheme and chemical structure of the RP-1-82 is shown in
FIG. 2 (compound 9). A positive control was acid hydrolyzed
Candida albicans mannan (CAM). The cytokine responses
from PBMC were detected 24 hours after beginning of the
stimulation by measuring cytokine secretion with high-sen-
sitivity human cytokine LINCOplex™-kits (LINCO
Research, St. Charles, Mo., USA) using Luminex'°°T™
instrumentation. The assays were performed in accordance
with the manufacturer’s protocol by employing Luminex
technology. The tested oligosaccharide was a strong inducer
of IL-10 and TNF and a moderate inducer of IFN-y (Table 2).
1L-4, IL.-5 and IL.-13 production was not seen at all.

TABLE 2
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Crich D, Li H (2000) Direct stereoselective synthesis of f-thi-
omannosides. J Org Chem 65:801-805.
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Chem 67:4640-4646.
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selectivity in -mannopyranosylation through the use of
sterically minimal propargyl ether protecting groups. J Org
Chem 71:3064-3070.

de Paz J L, Martin-Lomas M (2005) Synthesis and biological
evaluation of a heparin-like hexasaccharide with the struc-
tural motifs for binding to FGF and FGFR. Eur ] Org Chem
9:1849-1858.

The International Study of Asthma and Allergies in Child-
hood (ISAAC) Steering Committee (1998) Worldwide

Production of cytokines (pg/ml), mean (SD).

IL-4 IL-5 IL-13 IL-10 IFN-y TNF

No stimulation 20(0.6) 00(0.0) 05(00) 7744 1304) 18314)

RP-1-82; 20 pg/ml 26(08) 01(0.2) 06(0.2) 110(109) 10(15)  52(26)

RP-I-82; 200 pg/ml ~ 2.7(0.2) 02(0.2) 0.5(0.0) 843(253) 18(25) 295 (146)

CAM; 200 pg/ml 61(36)  20(2.2) 48(84) 193(11) 727 (901) 156 (158)
35

From these results, it can be concluded that the compound
according to the present invention (RP-I-82) provides cytok-
ine-specific induction of IL-10, IFN-y and TNF production in
cell culture suspension. For I[.-10 and TNF this was consid-
erably higher than for the control, Candida albicans mannan
(CAM). It is also noteworthy, that said control, CAM induced
all cytokines in comparison to the blank sample (no stimula-
tion), whereas the compound according to the present inven-
tion (RP-1-82) provided selective induction an important role
in down-regulation of Th2-type responses towards allergens.
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The invention claimed is:

1. An immunostimulatory compound of formula (II)
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wherein each R is independently selected from acetyl
(COCH,;), hydrogen (H), trifluoroacetyl (COCF;) or sul-
fonate group or other ester group. 3

2. The immunostimulatory compound according to claim
1, wherein each R is acetyl (COCH,).

3. A method for immunostimulating a subject, comprising:

administering the immunostimulatory compound accord-
ing to claim 1 to asubject in need of immunostimulating.

4. A method for immunostimulating a subject, comprising:

administering a composition comprising an adjuvant of a
vaccine which comprises an effective amount of the
immunostimulatory compound according to claim 1 and
a vaccine component to a subject in need of immuno
stimulating.
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5. A method for inducing a Treg- and/or Th1-type, and/or
inhibiting a Th2-type immune response, comprising:

administering the immunostimulatory compound accord-

ing to claim 1 to a subject in need of inducement of a
Treg- and/or Thl-type, and/or inhibition of a Th2-type
immune response.

6. The method of claim 3, wherein the subject has type |
immediate atopic allergy.

7. The method of claim 3, wherein the subject has a con-
dition selected from the group consisting of

a) atopic eczema/dermatitis syndrome (AEDS),

b) allergic asthma,

¢) allergic rhinitis

d) allergic urticaria,

e) food allergy,

) venom allergy, and

g) allergic rhinoconjunctvitis.

8. The method of claim 3, wherein the subject has a con-
dition that is an infectious disease.

9. An immunostimulatory composition comprising the
immunostimulatory compound according to claim 1, and a
pharmaceutically acceptable carrier.

10. The immunostimulatory composition according to
claim 9, wherein the pharmaceutically acceptable carrier is a
transmucosal carrier for sublingual and/or buccal administra-
tion.

11. The immunostimulatory composition according to
claim 9, wherein it further comprises an allergen preparation
for specific allergen immunotherapy; and/or an additional
allergy or asthma medicament.

12. The immunostimulatory composition according to
claim 9, wherein it further comprises a microbe-specific anti-
gen for vaccination against infectious disease; and/or an anti-
microbial agent.

13. A food additive or a nutritional preparation comprising
the immunostimulatory compound according to claim 1 in a
food additive or a nutritional preparation.

14. The immunostimulatory composition according to
claim 9, wherein the pharmaceutically acceptable carrier is
selected from the group consisting of transdermal carriers,
transmucosal carriers, oral carriers, parenteral carriers, carri-
ers for depot formulations, and carriers for extended release
formulations.



